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Abstract
Methodological bias can directly affect the interpreta-
tion of research data. Studies reporting on excavated
skeletons represent a valuable source of information in
medicine, dentistry, archaeology and anthropology,
and forensic sciences. However, these studies represent
a specific setting with their own methodology, for
which no quality assessment tool is available. The aim
was to develop a critical appraisal tool to assess the
methodological quality of studies reporting on archaeo-
logically excavated human skeletons. An international
Delphi study was therefore conducted to support item
generation and ensure content validity for a new tool.
Experts from the following domains were consulted:
dentistry, forensic sciences, archaeology and anthropol-
ogy, general medicine, epidemiology, and statistics.
Participants judged the relevance and comprehensive-
ness of items retrieved from the literature. Consensus
was predefined as 75% agreement between experts, and
achieved within two Delphi rounds. As a result, 44 and
32 participants completed the first and second Delphi
rounds, respectively, achieving consensus on 17 items.
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This research provides the first evidence-based tool for
the methodological assessment of studies reporting on
archaeologically excavated skeletons. Clinicians and
researchers can use this tool for critical appraisal of
studies or when performing systematic reviews. Future
research will focus on psychometric testing of the newly
developed tool.
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INTRODUCTION

Human remains can provide ample information to researchers within the domains of archaeol-
ogy, anthropology, forensic sciences, medicine, and dentistry. This evidence represents a source
of valuable knowledge. However, flaws in study design, methodology, or analysis may result in
bias, compromising evidence interpretation (Beck & Jones, 1989; Higgins et al., 2011;
Jackes, 2011).

Although guidelines for standardizing the reporting of observational studies are available
(e.g., STROBE, STrengthening the Reporting of OBservational studies in Epidemiology; von
Elm et al., 2014), in some fields, such as paediatric surgery (Rangel et al., 2003) or genetics (Al-
Jader et al., 2002), domain-specific tools have been developed for evaluating those observa-
tional studies that cannot be assessed using more generic quality assessment tools (Coles
et al., 2021). No critical appraisal tool (CAT) is available to address the methodological quality
of studies reporting on archaeologically excavated skeletons. Existing tools designed for assess-
ment of observational or interventional trials in biomedical literature, such as those that can be
found in www.equator-network.org, are not applicable to these specific kinds of studies, due to
their unique potential sources of bias related to skeleton representativeness, preservation, aging,
sex determination, and ancestry (Jackes, 2011; Walker et al., 1988). Also, specific guidelines in
the fields of archaeology and anthropology, such as those proposed by Nikita and
Karligkioti (2019), Fladmark (1978), Mays et al. (2004), Buikstra and Ubelaker (1994), IFA
paper no. 7 published by BABAO updated in 2017 (Brickley & McKinley, 2017), or Field guide
14 of the British Archaeological Resource (OSSAFreelance, 2005), are to be considered during
skeletal excavation procedures.

The development of a measurement instrument involves a systematic procedure that usually
starts with the process of item generation, which provides theoretical support for the initial list
of items to be included in the tool. Next, the preliminary measure may be trialled in the target
population, after which its psychometric properties will be determined using robust statistical
analyses. Based on these analyses, a measure may be revised, trialled, and psychometrically
tested again. The COSMIN group (COnsensus-based Standards for selection of health Mea-
surement INstruments) (Mokkink, Terwee, Patrick, et al., 2010) established international
consensus-based taxonomy, terminology, and definitions of measurement properties. The
framework comprises nine measurement properties within three domains: reliability, validity,
and responsiveness. Content validity is the most important psychometric property when
selecting an instrument and ensures adequate reflection of the construct to be measured through
theoretical analysis (Mokkink, Terwee, Knol, et al., 2010). Good content validity can be
warranted if a measure has been developed based on current literature and with reference to
expert groups and target population focus groups (if appropriate).
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Formal consensus on items retrieved from the literature can be achieved using the Delphi
method (Mahajan et al., 1976; Morgado et al., 2018; Whiting et al., 2003). This is a formal
expert consensus method that helps in assessing the three aspects of content validity (relevance,
comprehensiveness, and comprehensibility of the items and instructions of the tool; Yoon
et al., 2020). The Delphi technique was first used in the 1950s for defence research by the US
Air Force. Their objective was to obtain reliable consensus on the advice given by a group of
experts, which required an intensive series of questionnaires together with controlled opinion
feedback (Mahajan et al., 1976). This technique later caught the attention of researchers outside
the field of military defence and became a cornerstone in technology foresights and innovation,
public policy making and development of measurement instruments such as risk of bias tools
(Diamond et al., 2014; Terwee et al., 2018).

In the preliminary conceptualization phase of construction of a quality assessment tool the
following characteristics should be considered (Morgado et al., 2018; Whiting et al., 2003,
2017):

1. It should be short, simple to understand, and intuitive to apply.
2. It should determine the methodological quality of the studies, making it possible to easily

distinguish between studies with high and low risk of bias.

In an effort to perform a systematic review on dental occlusion involving excavated skeletons,
we were unable to find any tool to assess the methodological quality of such studies. The lack
of such a tool can make both systematic reviews and guidelines for complete analysis of archae-
ological skeletons difficult. Hence the aim of this study was to systematically develop a tool to
assess the methodological quality of studies that report on archaeologically excavated human
skeletons by using the Delphi formal consensus method. The present study focuses on the first
two steps of tool development, namely item generation and content validity.

MATERIALS AND METHODS

This study follows the framework for construction of quality assessment tools proposed by
Morgado et al. (2018) and Whiting et al. (2017).

Item generation

To develop the initial list of questions, we searched the literature using the terms ‘excavated
skeletons’, ‘burials’, ‘archaeology’, and ‘physical anthropology’ in the electronic database
PubMed, from inception until the 23 October 2020. To identify evidence for potential sources
of bias in this particular sort of study, we added the terms ‘bias’ and ‘quality assessment’. Based
on these terms, we obtained and reviewed a list of studies that included excavated human skele-
tons. Various guidelines concerning field excavations were also consulted (Brickley &
McKinley, 2017; Fladmark, 1978; Mays et al., 2004; Nikita & Karligkioti, 2019;
OSSAFreelance, 2005) and systematic reviews in the field of archaeology and anthropology
were hand-searched in order to find possible assessment tools. We did not find any previous
research concerning methodological quality assessment tools of studies reporting on archaeo-
logically excavated human skeletons.

A possible list of 17 initial items was formulated by one researcher in the team (AA). The
preliminary list of items was based on (1) the outcome of an ongoing systematic review on
archaeologically excavated skeletons, (2) the literature from the PubMed database searches,
and (3) the field guidelines (Brickley & McKinley, 2017; Fladmark, 1978; Mays et al., 2004;
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Nikita & Karligkioti, 2019; OSSAFreelance, 2005). This initial list was discussed with another
reviewer—an expert in the same field (MC)—after which a first proposal was electronically
made available to two additional researchers (IC, RS), belonging to different fields of expertise
(anthropology and archaeology, epidemiology and logopedics). Feedback regarding item for-
mulation, relevance, and scoring criteria was asked. Disagreements were resolved by reaching a
consensus. The initial list of items is shown in Supporting Information Annex A. The process of
tool development for the assessment of the methodological quality of studies reporting on
archaeologically excavated skeletons is shown in the flowchart of Figure 1.

Item scoring was inspired by a study from Slim et al. (2003), developed for the Methodolog-
ical Index of Non-Randomized Studies (MINORS). The MINORS tool provides a numeric
score, which can be formally incorporated in the systematic review.

Assessment of content validity: The Delphi study

As mentioned in the Introduction, content validity provides information on the relevance of
the construct of interest as well as comprehensiveness and comprehensibility of the items
in the tool. We used the Delphi formal consensus method to warrant sufficient content
validity of our new measure on studies reporting on archaeologically excavated human
skeletons.

The Delphi technique is a method for structuring a group communication process that aims
for consensus on a defined topic through a series of questionnaires or survey rounds along with
controlled feedback (Denman et al., 2019; Mahajan et al., 1976). This technique was used in the
present study to obtain consensus among a group of experts on the items to be included in the
tool, the phrasing of the items, and their scoring method. As the expert anonymously completes
each survey round, the responses of each expert are secured without any influence from others
(Hasson et al., 2000). The same experts continue the subsequent rounds until a group consensus
of at least 75% is obtained or until it is sure that consensus cannot be achieved on one or more
of the items included in the initial list of questions (Diamond et al., 2014). The results of the pre-
vious round along with the suggested revisions are used to further stimulate opinion building
and consensus between the experts in subsequent rounds.

Participant characteristics

Experts from the domains of dentistry (156), forensic sciences (116), archaeology and anthro-
pology (106), general medicine (100), and epidemiology and statistics (108) were consulted,
since the tool could be used in a broad spectrum of fields. We attempted to achieve sufficient
representation of experts from each domain, so that the tool could be applicable to multiple
fields. ‘Experts’ were defined as individuals who are knowledgeable in the subject under consid-
eration. They were included based on a minimum qualification of post-graduation, research
activity as shown by recent scientific publications, or involvement in academic teaching at uni-
versity level. International experts were included without any geographic limitations. The
experts were contacted via email by searching their contact details from published studies in the
electronic database PubMed, university websites, national and international conference contact
lists, or through the professional networks of the authors. The email included a brief introduc-
tion, the procedure and link to the survey, as well as the consent to participate, where it was
specified that their participation would remain anonymous (Annex B). Experts who failed to
complete the questionnaire in the first survey rounds were excluded from the second one. The
participant demographics are shown in Table 1.
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Delphi round one

The pilot version of the tool including 17 items was presented to the experts through an online
survey using Qualtrics software (XM Solutions, USA). A statement with a brief explanation of

F I GURE 1 Flowchart of the development of a tool for the assessment of the methodological quality of studies
reporting on archaeologically excavated skeletons. The steps in the dotted boxes are to be completed in order to
validate and generate the refined measurements, which will be done in another study
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the variable of interest for each item was provided (regarding reporting, internal and external
validity). Experts were asked to rate (1) their agreement on the given statements, (2) the impor-
tance of the variable in the context of studies reporting on archaeologically excavated skeletons,
and (3) the scoring method of each variable. The level of agreement for all three steps was
scored on a 5-point Likert scale (5: strongly agree; 4: agree, 3: neither agree nor disagree; 2: dis-
agree; 1: strongly disagree). The experts could comment or suggest any possible rephrasing or
modification for each item and specify the rationale concerning their rating. They could suggest
any additional items if necessary. The time needed to complete each survey round was esti-
mated to be 30 min after conducting a pilot survey by two experts from different domains. A
period of 1 month was provided for the first round; a reminder email was sent 2 weeks after the
initial invitation to participate (Hsu & Sandford, 2007). The complete survey can be found in
Supporting Information Annex A and Annex C.

Delphi round two

Descriptive statistics were determined for round one: percentages, medians, and interquartile
ranges. The comments from the experts were implemented after discussion and agreement
among authors, and changes made were highlighted in the next round. If at least 75% of the

TABLE 1 Participant demographics

Category Subcategory Round one n (%) Round two n (%)

Country Australia 3 (6.8%) 3 (9.3%)

Belgium 8 (18.2%) 7 (21.9%)

China 1 (2.3%) 1 (3.1%)

Finland 4 (9.1%) 4 (12.5%)

France 1 (2.3%) 1 (3.1%)

Ireland 1 (2.3%) 0 (0%)

India 6 (13.6%) 4 (12.5%)

Italy 1 (2.3%) 1 (3.1%)

Norway 2 (4.5%) 1 (3.1%)

New Zealand 1 (2.3%) 1 (3.1%)

Romania 1 (2.3%) 0 (0%)

Sweden 1 (2.3%) 1 (3.1%)

Switzerland 1 (2.3%) 1 (3.1%)

Spain 2 (4.5%) 1 (3.1%)

UK 3 (6.8%) 3 (9.4%)

USA 8 (18.2%) 3 (9.4%)

Total 44 32

Field of expertise Anthropology & Archaeology 6 (13.6%) 5 (15.6%)

Dentistry 16 (36.4%) 14 (43.8%)

Forensic Sciences 14 (31.8%) 9 (28.1%)

Epidemiology/Statistics 3 (6.8%) 2 (6.3%)

General Medicine 5 (11.4%) 2 (6.3%)

Total 44 32

n, number of experts participating.

6 RAJBHOJ ET AL.



experts responded ‘strongly agree’ or ‘agree’ to a specific item, these were included in the final
tool (Denman et al., 2019; Diamond et al., 2014). In round two, we asked the experts to rate
the revised items for which no consensus was achieved and also provided them with the oppor-
tunity to decide whether to change their responses or remain with the initial decision. The
experts were also asked again to comment or suggest any modifications for each item and to
specify their rationale concerning their rating. The descriptive statistics of round one were made
available for the experts in round two, so that they could situate their answers within those of
the group.

Statistical analysis

Responses were analysed using the Statistical Package for Social Sciences (SPSS version
20, IBM Corp.). As suggested in the literature, a group response of ‘strongly agree’ or ‘agree’
along with a percentage agreement of 75% or more was considered as strong consensus (von
der Gracht, 2012; Denman et al., 2019; Diamond et al., 2014).

A median of ≥4 and an interquartile range (IQR) of ≤1 report a strong consensus. Medians
were used since data were ranked and not scaled, and medians have been reported to be particu-
larly useful in forecasting whether data contain outliers (Goodwin et al., 2002; von der
Gracht, 2012). Means were not considered since outliers can affect them unrealistically. In the
Delphi method, measure of central tendency should be analysed in connection with dispersion
(as this indicates the spread of the scores). Range is the simplest measure that can be used for
this. However, as range changes with extreme values, interquartile ranges were used to compen-
sate for this effect, since they are an objective way of determining consensus (Murphy
et al., 1998).

RESULTS

An invitation link was sent to 586 participants via email. From these, 53 experts agreed to par-
ticipate in the survey (acceptance rate 9.04%). Forty-four of them completed the first round,
yielding a response rate of 83.01%. Thirty-two of the initial 44 completed round two (response
rate of 72.72%). A flowchart regarding the recruitment process is presented in Figure 2.

Experts from 16 countries participated in the first round (range: 1–8 experts per country).
Most experts were from Europe (25), followed by North America (8), Asia (7), and Oceania (4);
see Table 1.

Agreement on statements

For the provided statements in round one, consensus was obtained on all 17 items in the tool,
with a percentage agreement of more than 84% (median ≥ 4, IQR ≤ 1). Seven of the 17 variables
showed a median of 5, while one (‘Method[s] of measurement’) reported an IQR of 0 and a per-
centage agreement of 100% (Table 2).

Importance of variables

In round one, the experts reached consensus on 16 of the 17 items regarding their importance
to be included in the tool. For 11 of these 16 variables, a median score of 5 on the Likert
scale was reported, and one of the 16 variables (‘Method of measurement[s]’) reported an
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IQR of 0. For 16 of the 17 items, the achieved percentage agreement was strong, ranging
from 77.2% (‘Ancestry distribution’) to 100% (‘Method for Age-at-death estimation’ and
‘Method[s] of measurement’). Consensus was not achieved on one item (‘Blind Testing’;
median: 4; IQR: 2; agreement of 65.9%). After revision of this item, strong consensus was
achieved during round two of the Delphi survey, with an agreement of 84.4% (median: 4;
IQR: 1) (Table 2). All the experts who disagreed on the importance of ‘Blind Testing’ in
round one (scores 1 and 2: strongly disagree and disagree) also participated in round two.
30.7% of the experts who found the variable ‘Blind Testing’ of limited importance (score 3)
dropped out in round two (3 out of 14 experts).

F I GURE 2 Flowchart of the recruitment process of the Delphi study
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Agreement on scoring of variables

The overall score for comparative articles and non-comparative articles is 34 and 32, respec-
tively. Strong consensus on the scoring of the variable was achieved for 16 of the 17 items in
round one (median: 4). IQR was ‘0’ for the variable ‘Presence of other bias’ and 15 of the
17 items obtained an IQR of ‘1’, except for the variable ‘Blind Testing’ (median: 4; IQR: 2).
Consensus ranged from 77.3% (‘Ancestry/Ethnicity distribution’ and ‘Sample preservation’) to
91% (‘Method[s] of measurement’). The percentage agreement for scoring was 70.5% for the
variable ‘Blind Testing’. Because the predefined consensus of 75% was not reached for one vari-
able, we conducted a second round in which a consensus of 84.4% for Blind Testing was
achieved after adaptation (Table 2). All the experts who disagreed on the scoring of the variable
‘Blind Testing’ in round one (scores 1 and 2: strongly disagree and disagree) also participated in
round two. 36.3% of the experts who neither agreed nor disagreed on the scoring of the same
variable (score 3) in round one dropped out in round 2 (4 out of 11).

Expert feedback

Phrasing of the items was the most commented issue by the experts. For example, experts
suggested the use of the term ‘findings’, referring to study results and their interpretation,
instead of results, which was seen more as a paper section. The term ‘ancestry’ was preferred
instead of ‘racial/ethnic’, since in the study of human anatomy estimation of ancestry is often
performed. The specification ‘analysis not performed separately’ was also added to the scoring
of this particular item after round one, because the way heterogeneity is handled and reported
determines the quality of the study. For the item ‘age-at-death’ articles were scored 1 point if
the ‘information was given only for part of the sample’, as in some studies age estimation can-
not be established for all samples. ‘Date of the sample’ was rephrased as ‘time period’ of the
samples (Supporting Information Annex A and Annex C).

DISCUSSION

The present study provides the first evidence-based tool for assessment of the methodological
quality of studies reporting on archaeologically excavated human skeletons. This tool can be
used in systematic reviews or for critical appraisal of related studies by researchers, clinicians,
reviewers, or readers. During the process of instrument development, the original focus was on
studies within the field of dentistry, but the final tool has a broader scope. It can be applied to
studies reporting on archaeologically excavated skeletons in forensic sciences, medicine, archae-
ology, and anthropology, among others.

The development of a valid and reliable quality assessment tool needs to meet several stan-
dards. The present tool was based on the Delphi method according to the COSMIN framework
(Mokkink et al., 2020; Streiner, 2003; Wright, 1992). In the literature, it has been argued that
this method improves content validity as it allows experts from different domains and with dif-
ferent viewpoints to structurally form a consensus on each item included in the tool (Whiting
et al., 2003). The quality of the development process is enhanced by facilitating anonymity, iter-
ation, and controlled feedback. In a Delphi study, the number of rounds and the results of the
study reflect the consensus opinion. The optimal approach is to predefine the criteria of what
constitutes consensus, and the most common definition of consensus is based on percentage
agreement of 75%(Diamond et al., 2014).

Experts from five different domains were invited to discuss and agree upon the items as part
of a critical appraisal tool to support methodological quality assessment of studies reporting on
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the use of archaeologically excavated skeletons in these research areas (Mokkink, Terwee,
Knol, et al., 2010). The presence of a heterogeneous expert panel might influence the
responses across and between the specialties. However, it also ensures its use across fields
and avoids field specificity to bias results. In this study, the pilot item list was accepted in
round one, showing strong consensus with only one item lacking sufficient consensus, and
the final list achieved consensus for all items in the tool. As a matter of fact, heterogeneity in
expert groups has been reported to have a better performance than homogeneity
(Bantel, 1993; Hong, 2010), which is especially relevant to our particular area due to its
inherent multidisciplinarity.

The initial acceptance rate of the survey was low, despite the efforts put into maximizing the
response rate. The Dillman approach for internet-based surveys was used, which involves per-
sonalized repeated contact with the individual expert. This was accomplished by sending email
reminders every 2 weeks in each Delphi round (Dillman et al., 2014). However, since no infor-
mation regarding acceptance rate is available for similar studies, we could not compare our
data with others. Although not uncommon, the further dropout of the experts after round one,
even after the bimonthly reminders, could be considered as a shortcoming. This dropout could
be due to the large number of questions included in the survey and the time required to com-
plete it. All items that achieved consensus were adapted and included again in round two, which
may have discouraged some experts. However, all experts who disagreed in round one partici-
pated in round two, which strengthens the final result. The minimum number of experts
required has actually not been defined in Delphi literature, and the number of experts included
in the present study is in line with that of previous reports (Al-Marzouki et al., 2005; Armstrong
et al., 2005). As stated by Akins et al. (2005), responses from a small number of experts with a
well-defined knowledge about the topic are stable. Also, it is important to remark that this was
a web-based approach, which tends to produce a lower response rate, as previously reported by
Boulkedid et al. (2011). The high response rate obtained from dentists might be related to a
large number of these experts initially approached and the fact that the invitation email was
sent by the first author, who is a dentist.

The newly developed critical appraisal tool not only involves reporting of the items but also
emphasizes the conduct of the study. Items regarding preservation of excavated materials, esti-
mation of age-at-death, determination of sex, methods of measurement, and description of the
methods used, refer more to the study’s setting and differ from those normally involved in bio-
medical research. These items are also part of recommended guidelines for field excavations
(Brickley & McKinley, 2017; Fladmark, 1978; Mays et al., 2004; Nikita & Karligkioti, 2019;
OSSAFreelance, 2005).

Bones and teeth are durable tissues often found in human archaeological excavations.
Archaeological analysis of these tissues has contributed to answering questions concerned with
evolution and proliferation of a number of diseases, ranging from tuberculosis to changes in the
dentition and dietary habits. Hence the use of this tool for quality assessment of studies involv-
ing excavated skeletons will not only be limited to archaeologists or anthropologists but can
also be applied to forensic sciences, medicine and dentistry (Donoghue & Rücklin, 2016;
Evensen & Øgaard, 2007; Holloway et al., 2011; Kaidonis, 2008; Lavelle, 1972; Quam
et al., 2009; Scott, 2018; Wood, 1996).

The scoring of the items was also evaluated. Cut-off points to categorize the studies as ‘high
risk’ or ‘low risk’ for bias were avoided. This would ignore the importance of each item, since
individual bias might vary according to the study design and the article’s specific context. It is
preferred to see how each trial was scored on each item. The overall score for each article can
be interpreted as a whole by graphical plots to identify the risk of bias of the particular articles
(Enthoven et al., 2016). In circumstances where some of the items of the tool are not relevant,
these items can either be rated with the highest score (to prevent them from being wrongly inter-
preted as a high risk of bias), or simply be considered as not applicable and excluded from the
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total score. This strategy has already been used in the literature by other risk-of-bias tools
(Rajbhoj et al., 2021; Slim et al., 2003; Sterne et al., 2016).

Based on the current results of the Delphi study, the COSMIN framework will be used to
evaluate the remaining psychometric properties of the instrument within the domains of reliabil-
ity, validity, and responsiveness.

CONCLUSION

The present article proposes the first evidence-based tool for assessment of the methodological
quality of articles reporting on archaeologically excavated human skeletons. This tool can be
used in the fields of archaeology, anthropology, forensic sciences, dentistry, or medicine by
researchers performing systematic reviews or by clinicians, editors, reviewers, or simply readers,
since it enables standardized assessment of risk of bias and facilitates comparisons between
studies. For conception and development of the tool, a formal expert consensus method
(Delphi) was followed. The remaining psychometric properties according to the COSMIN
framework will be evaluated separately.
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